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ABSTRACT
PLAYING WITH RELATIVES: GENETIC KINSHIP AND PLAY BEHAVIOR IN JUVENILE
TIBETAN MACAQUES
by
Riley Nicholas Derby
May 2021
This thesis is composed of a journal-ready article and an accompanying appendix
containing data and figures. In this thesis, I statistically analyzed the relationship between player
age, player sex, genetic kinship and social play duration in juvenile Tibetan macaques.
Chapter I provides a general introduction and addresses current and past literature on the
behavior, ecology and play among macaque genera and Tibetan macaques within this study. I
review the fitness benefits of play behavior and the influence of kin selection on macaque social
life. Additionally, I review the existing literature on Tibetan macaque play and how the current
study will contribute to the literature.
Chapter II expands upon current literature on Tibetan macaque social play by considering
the influence of genetic kinship on total play duration. Obtained from calculating the kinship
coefficient of each juvenile within the group (through known pedigree data), the results indicated
that there was a significant positive correlation between total play duration and genetic kinship of
play partners. I propose that kin biased selection among the juveniles within this group is
facilitated through social play events. This is supported both by the significant correlation found
in this study and the existing literature on social partner development during juvenile life.
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Chapter III provides general conclusions drawn from this study and how it contributes to
the understanding of Tibetan macaque play behavior. Lastly, future studies are considered to
continue the expansion knowledge surrounding macaque and primate play.
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CHAPTER I
GENERAL INTRODUCTION AND LITERATURE REVIEW
Introduction
The juvenile period in primates is defined as the time between weaning and sexual
maturity, and fitness has direct ties to this period of life (Altmann, 1962; Cenni & Fawcett, 2018;
Chase et al., 2002; Symons, 1978; Thierry, 2004). However, even within some of the most well
studied genera such as Macaca, close analysis of juvenile sociality has been relatively
overlooked. Macaca species are distributed across varying ecologies, resulting in variable social
styles. This variation has generated research interest in conducting large-scale comparisons of
the genus (Thierry, 2000, 2007; Thierry et al., 2000). Macaques typically display strict
hierarchies based on matrilineal power in females and competitive power in males (Thierry,
1985, 2000, 2007; Thierry et al., 2000). Tibetan macaques (Macaca thibetana) are a despotic
species that display this type of strict hierarchy (Berman et al., 2004; Funkhouser et al., 2018).
Juvenile Tibetan macaques participate in varying amounts of social behavior, including play,
with other individuals within the group (Li & Kappeler, 2020; Wright et al., 2018). Social play
can include mutual forceful behaviors, such as wrestling and play biting, but is defined as
multiple conspecifics engaging and influencing each other’s actions or behaviors (Burghardt,
2005; Fagen, 1981). Juvenile Tibetan macaques have been observed to play with individuals of
the same age cohort (Mayhew et al., 2020; Wright et al., 2018). These social behaviors and
resulting relationships can have a lasting impact on the development and success of an individual
in the future (Altmann, 1962; Cenni & Fawcett, 2018; Chase et al., 2002; Symons, 1978;
Thierry, 2004). This study considers the play behavior of juvenile Tibetan macaques in the YA1
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group at Mt. Huangshan, China, and asks how the genetic kinship between juveniles influences
their social relationships and choice of play partner.
What is Play?
Play has been defined in multiple ways with a focus on either the function or structure of
the behavior (Bekoff & Allen, 1997; Fagen, 1981; Martin & Caro, 1985). Burghardt (2005)
established specific criteria to distinguish play behavior from other common behaviors. These
parameters state that for a behavior to be considered play, it must (1) have limited immediate
function, (2) be endogenous, (3) have structural or temporal properties that are different from
“serious” behaviors, (4) be flexibly exercised and not stereotypical, and (5) be performed in a
relaxed field (i.e., free of stress or social/physical pressures).
There are three overlapping categories of play: solitary, object, and social (Bekoff &
Byers, 1981; Fagen, 1981). Solitary play is characterized by high intensity or long durations of
locomotor movements performed alone. Object play is characterized by the manipulation of any
object with no immediate benefit in either a social or solitary environment (Burghardt, 2005).
Social play is characterized as an interaction between two or more conspecifics that potentially
influence each other’s behaviors or actions (Burghardt, 2005; Fagen, 1981). Social play typically
includes reciprocal and forceful behaviors, such as wrestling and play biting between
conspecifics (Burghardt, 2005; Fagen, 1981).
Adaptive Value of Play
The evolutionary origin of play behavior in animals is a complicated topic involving
development, connection to cognition, and overall adaptive value. Play is considered extremely
difficult to study due to its characterization as an intricate form of communication (Bekoff, 1972;
Bekoff & Allen, 1997; Burghardt, 2005; Fagen, 1981; Pellis & Pellis, 2009). Fagen (1981)
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suggested six overlapping hypotheses on the beneficial aspects of play: (1) play facilitates the
growth of stamina, skills, and overall strength; (2) play determines development; (3) play
generates specified information of conspecifics; (4) play advances cognitive skills required for
adaptable, flexible, versatile and innovative behavior; (5) play includes behaviors used in
intraspecific competition; and (6) play creates and reaffirms social bonds and cohesion between
group members. Bekoff and Byers (1981) suggested that the function of play involves motor
skills development, socialization, and cultivation of cognitive abilities. Smith (1982) added that
play is important to the development of strength and endurance. The repetition of motor patterns
in addition to the vigorous setting in which play occurs leads to the development of physical
fitness and the advancement of particular behavioral and physical skills. Play may also establish
and strengthen social bonds and relationships between conspecifics (Bekoff, 1977; 1984).
Overall, play is considered multi-functional due to the significant costs required in order to
participate in the activity. Without benefits such as the enhancement of physicality, social
relationships, and cognition, individuals that participate in play would be at a disadvantage
compared to individuals that do not play (Fagen, 1993, Palagi, 2006, 2018; Symons, 1978).
Social Play
Social play requires many flexible behavioral abilities, including partner cooperation,
communication, learning, and the social development of juveniles (Bekoff & Allen, 1997; Palagi
et al., 2007). Play functions to increase the physical fitness of individuals (Byers & Walker,
1995; Fontaine, 1994; Martin & Caro, 1985), but it additionally creates and improves social
connections and flexible behavior (Baldwin & Baldwin, 1974; Brown, 1988; Fagen, 1984).
Social play can function as an opportunity for juveniles to hone adult social skills (Baldwin &
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Baldwin, 1974; Brown, 1988; Fagen, 1984) and include behavioral analogues from a range of
social situations, including agonism and mating (Burghardt, 2005; Wright et al., 2018).
Unlike juveniles, adult primates engage in social interactions through affiliative
behaviors such as grooming or alliance forming (Kanngiesser et al., 2011; Lehmann & Boesch,
2009). Across many taxa, juveniles engage in social play more frequently than adults (Mayhew
et al., 2020; Shimada & Sueur, 2014). Social play interactions among juveniles help increase
social cohesion and form affiliations among conspecifics, thereby helping facilitate the social
relationships among young animals (Bjorklund & Pellegrini, 2002; Clark, 2011; Fagen, 1981;
Maestripieri & Ross, 2004; Mayhew et al., 2020; Palagi, 2006; Palagi & Paoli, 2007; Shimada &
Sueur, 2014; Smith et al., 2013).
Play is expected to occur between individuals of similar skill (Kulik et al., 2015), age,
and conspecifics that will likely be encountered into adulthood (Maestripieri & Ross, 2004). For
example, Pellis and Pellis (1996) reviewed social play behavior across multiple taxa and
hypothesized that social play bouts influence the power relationships between subadult juveniles,
especially in male-male bouts. The aggressive behaviors performed during play can serve as
practice for future aggressive interactions and potentially enhance a juvenile’s success when
exhibiting affiliative or agonistic behaviors during adulthood. Additionally, future social
partners, relationships, and behavioral contexts can be predicted from play between juveniles
(Maestripieri & Ross, 2004; Pellis et al., 2019). This continuation of a social relationship
established through play can be the result of the social skills (reciprocal actions between players,
communication, and partner selection) built during play bouts (Mayhew et al., 2020; Yanagi &
Berman, 2014b).
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Macaque Sociality
Macaca live in both temperate and tropical regions throughout Asia and Africa and have
the widest geographical range among non-human primates (Thierry, 2007). Macaca as a genus is
defined by its unity through evolutionarily conserved traits, such as female philopatry, and its
diversity due to a broad range of ecological variation (Thierry, 2000, 2007; Thierry et al., 2000).
To better understand this genus, we must consider both evolutionary and ecological factors that
have led to the persistence of their unique, but variable social styles across time and environment
(Thierry, 2007).
Macaques share the same basic group structure, social system, and dispersal pattern
(Thierry, 2007). They are mainly frugivorous, semi-terrestrial primates that form groups
containing multiple males and females with their offspring. Macaques have female-biased sex
ratios within groups and are female philopatric, meaning females remain in their natal groups
whereas males disperse at sexual maturity (Thierry, 2000, 2007; Thierry et al., 2000). Females
typically establish and maintain lasting relationships with relatives within their group. These
matrilines are foundational to group structure as well as the power dynamics between individuals
(Thierry, 2007).
Dominance style is determined by the agonistic interactions between dyads (Thierry,
2000; Thierry et al., 2000), and macaques are placed on a four-grade scale of dominance style.
Species within the first grade are considered nepotistic and hierarchical, whereas species within
the fourth grade are considered egalitarian and tolerant of one another (Thierry, 2000; Thierry et
al., 2000). This dominance scale, established by Thierry (2000), is based on the highly
unidirectional aggression contests in grade one species. These contests result in a loser who flees
or submits with the potential for severe biting. Additionally, reconciliation after these events in
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grade one species is rare. However, in grade four species, the majority of aggressive contests are
met with protest or counterattack with a low chance of biting. Reconciliatory behaviors after
contests are also much more common, occurring almost 50% of the time in unrelated individuals
(Thierry, 2000). Species that fall under grade one (highly nepotistic) include rhesus macaques
(Macaca mulatta) and Japanese macaques (Macaca fuscata). The grade four species (more
egalitarian) include Tonkean macaques (Macaca tonkeana) and Sulawesi crested macaques
(Macaca nigra) (Thierry, 2000). Tibetan macaques were originally placed in grade three due to
their display of submissive behaviors, but further research has shown that Tibetan macaques fall
under the second, more despotic, grade due to similar agonistic rates to grade one species and
lower reconciliatory rates than other grade three species (Berman et al., 2004; Mayhew et al.,
2020; Thierry, 2000; Thierry et al., 2000).
Macaque Play
Macaque social play can be characterized in multiple ways depending on the species and
type of social style present. Social play in despotic species, like the rhesus macaques, is
described as competitive, unlike the cooperative play style observed in less despotic species
(Petit et al., 2008; Reinhart et al., 2010). Competitive play styles tend to involve more risk as
more vulnerable areas like the face or genitals are targeted and attacked during the bout.
Attacking these sensitive areas can create miscommunication between conspecifics and end the
play bout prematurely (Reinhart et al., 2010; Scopa & Palagi, 2016; Yanagi & Berman, 2014b).
To prolong interactions in competitive species, formalized play signals are frequently used to
indicate playful intent (Scopa & Palagi, 2016; Wright et al., 2018; Yanagi & Berman, 2014a).
The use of signals within despotic species can potentially minimize the risk of misinterpretation
and interference by a third party (Scopa & Palagi, 2016; Thierry et al., 2000; Wright et al., 2018;
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Yanagi & Berman, 2014b). However, in tolerant species, the signals can be redundant and
simply communicate the beginning and end of play (Pellis et al., 2011; Scopa & Palagi, 2016).
Altruism and Macaque Kin Selection
Altruism is an important evolutionary concept that provides support for gregarious living
and cooperation with other individuals. Hamilton (1964) provided the mechanism of kin
selection, which suggests that individuals selectively choose interactions among kin that would
help facilitate the evolution of cooperative behaviors. Although kin selection is not the only
strategy through which cooperation can develop (Axelrod & Hamilton, 1981; Dugatkin, 1997;
Trivers, 1971), some macaque species, especially despotic species, provide an example of high
rates of kin selection through nepotistic behaviors (Berman, 1983c; Silk, 1982; 2002; Silk et al.,
1981).
Matrilineal kinship is the foundation of many aspects of macaque sociality and regulates
female philopatry, social networks, and power hierarchies. Kinship bias has immense impact,
especially on the females within a macaque group (Silk, 2002). Female kin remain in their birth
groups for their entire lives and allocate most of their activity budget to resting, grooming,
feeding, and caring for their infants near maternal kin (Altmann, 1980; Chapais, 1983; Cheney,
1978; Defler, 1978; Gouzoules, 1984; Gouzoules & Gouzoules, 1987; Kapsalis & Berman, 1996;
Kurland, 1977; Missakian, 1974; Sade, 1965; Silk, 1982, 1999; Silk et al., 1981). Additionally,
coalitionary support is more likely to be offered to females with matrilineal kin ties during
interactions with conspecifics (Berman, 1983a, b, c; Bernstein & Ehardt, 1985, 1986; Chapais,
1983; Datta, 1983a, b; de Waal, 1977; Kaplan, 1977, 1978; Kurland, 1977; Massey, 1977; Silk,
1982). Although there may be other ways in which macaques gain support from non-kin
(grooming for social and feeding site tolerance), kin selection plays a large role in the sociality of
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despotic species (Cords, 1997; de Waal, 1991; Hemelrijk, 1994; Perry, 1996; Seyfarth, 1977;
Silk, 1992 a, b).
Tibetan Macaque Sociality
Tibetan macaques (Macaca thibetana) are genetically related the most to Assamese
macaques (Macaca assamensis) but resemble the stump-tailed macaque (Macaca arctoides) in
appearance (Berman et al., 2004; de Waal, 2001). Ecologically, they are most similar to Barbary
macaques (Macaca sylvanus), living within montane habitats on the subtropical boundary.
Female macaques reach adulthood between 4-5 years of age, whereas males reach maturity
around 7-8 years (Wright et al., 2018; Xia et al., 2012; Zhao & Deng, 1988).
Tibetan macaques live in multi-male, multi-female groups comprising of up to 50
individuals with the sex ratio being relatively even or slightly favoring females (Berman et al.,
2004; Funkhouser et al., 2018; Mayhew et al., 2020; Thierry, 2000; Thierry et al., 2000). Female
Tibetan macaque social organization is characterized by strict, linear dominance styles with
strong kin bias and coalition formation (Berman et al., 2004; Funkhouser et al., 2018). Bias for
female kin in activities such as grooming, infant handling, and coalitionary support highlight the
nepotistic and despotic sociality of Tibetan macaque (Berman et al., 2004; Funkhouser et al.,
2018; Thierry, 2000; Thierry et al., 2000; Xia et al., 2012; Xia et al., 2013), Female rank is
matrilineal, in that females obtain ranks below their mother but above older siblings (Berman et
al., 2004; Funkhouser et al., 2018; Thierry, 2011; Zhao, 1997). The connection of maternal
kinship and dominance within a group influences the social interactions between both kin and
non-kin (Berman et al., 2008; Xia et al., 2012).
Male Tibetan macaques also form linear dominance hierarchies and have a strict,
despotic style of dominance (Berman et al., 2004; Xia et al., 2013). Both aggression and
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tolerance by high-ranking individuals are important tactics affecting social status and
relationships (Xia et al., 2012; Xia et al., 2013). Adult males are also thought to obtain the
highest rank among all individuals within the group, but in some cases, females can outrank
some males (Berman et al., 2004). Similar to most macaque species, male Tibetan macaques
disperse at sexual maturity (7-8 years old) and can transfer between groups throughout their lives
(Thierry, 2000; Thierry et al., 2000; Zhao, 1997). Due to dispersal at sexual maturity, the males
within a group are generally unrelated (Thierry, 2000, 2007; Thierry et al., 2000; Xia et al.,
2013). Tibetan macaques are seasonal breeders resulting in high mating competition that
corresponds with increased levels of aggression. Additionally, coalitionary action increases as
males defend against extra-group males attempting to immigrate into the group (Xia et al., 2010;
Xia et al., 2013).
Tibetan Macaque Play
In the beginning of life, an infant monkey remains with and is centered around its mother.
However, as age increases, young primates gain independence from their mothers and engage in
social interactions with other group members, specifically individuals of the same age, through
social play (Berman, 1980,1982; Nakamichi, 1989, 1996; Rhine & Hendy-Neely, 1978). Tibetan
macaque juveniles participate in fast, rough-and-tumble dyadic and polyadic play bouts, similar
to other macaque species (Wright et al., 2018). Juveniles within this species more frequently
engage in solitary play as infants and move toward social play with similarly aged individuals
that peaks at 2.5 years of age (Batts, 2012; Mayhew et al., 2020; Wright et al., 2018). The
majority of juveniles within the group participate in play bouts with variation in frequency,
duration, and play signaling (Wright et al., 2018). Wright et al. (2018) found nine play signals in
this species, including crouch and stare signal. Six of the play signals expressed are also
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expressed in the formalized signaling of rhesus macaques (Yanagi & Berman, 2014a). The adult
social relationships within a grade two despotic species, like the Tibetan macaque, generally
show high amounts of kin bias and likely influence over the socialization of juveniles (Berman et
al., 2004; Thierry, 2011). Mothers in despotic macaque species are more restrictive with their
offspring and may interfere during play bouts with the offspring of other individuals that are of
different ranking or matriline (Maestripieri, 2004). Therefore, the social organization would be
expected to affect juvenile play behavior due to third-party interference (aggressive or affiliative
behaviors) by adults (Maestripieri, 2004; Thierry, 2011). Although this hypothesis was not
supported due to a lack of data in Wright et al. (2018), signaling behavior may provide insight as
more than just a reliable indicator of play. Wright et al. (2018) found that having individuals in
proximity during a play bout impacted the signaling behavior of the individuals involved (i.e.,
signals increased when audience members increased from 0 to 2 individuals). This study will
continue to pursue this topic to help provide better understanding of the relationships between
juveniles that are formed and strengthened during play.
Current Investigation
In the current investigation, I intend to understand the relationship between genetic
kinship and play behavior in juvenile Tibetan macaques at Mt. Huangshan, China. This study
will provide insight into the social development of juvenile Tibetan macaques by considering
factors such as kin bias and tolerance of conspecifics. The development of social relationships
among Tibetan macaque juveniles has long-term fitness consequences for both males and
females (Altmann, 1962; Cenni and Fawcett, 2018; Chase et al., 2002; Symons, 1978; Thierry,
2004). Macaque play has been studied among a variety of species (Petit et al. 2008; Reinhart et
al., 2010; Scopa & Palagi, 2016; Wright et al., 2018; Yanagi & Berman, 2014b); however, the
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connection between play behavior and genetic kinship has been overlooked in this species and
well-studied group. This project will provide insight into social development and relationships
within Tibetan macaques and provide a foundation for future studies of other macaque species.
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Abstract
Juvenile development has direct ties to the overall fitness in primates. Even in wellstudied genera such as Macaca, juvenile sociality has been relatively overlooked. However,
juvenile macaques participate in varying amounts of social behavior, including play. Three
categories of play behavior are exhibited among juvenile macaques: solitary play, object play,
and social play. Play is hypothesized to increase physical abilities, determine developmental
rates, advance cognitive abilities, and improve social skills. Social play requires many flexible
behavioral abilities such as partner cooperation, communicative abilities, learning, and social
development. In this paper, we investigated the relationship between social play, player age,
player sex, and genetic kinship in juvenile Tibetan macaques. We used previously collected
focal, scan, and video data from 2016-2017 and known pedigree information from the
Yulingkeng A1 (YA1) Tibetan macaque group. We analyzed all social play bouts and calculated
the kinship coefficient between play partners. This resulted in 3,305 play bouts, 60,190 seconds
of play, and 159 distinct dyadic player configurations across the two years. Our results indicate
that social play duration is regulated by player age, sex, and genetic kinship between play
partners. Overall, we suggest that kin-biased selection occurs between the juvenile Tibetan
macaques within this group during social play events.

Keywords: Social play, kinship, juvenile Tibetan macaque, fitness
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Introduction
The fitness level of an individual in many primate species has a direct connection to
experiences during juvenile development (Altmann, 1962; Cenni and Fawcett, 2018; Chase et al.,
2002; Symons, 1978; Thierry, 2004). Even within some of the most well studied genera such as
Macaca, close analysis of juvenile sociality has been relatively overlooked. Juvenile Tibetan
macaques (Macaca thibetana) participate in varying amounts of social behavior, including play,
with other individuals in the group (Li & Kappeler, 2020; Wright et al., 2018). Play has been
defined in varying ways depending on a focus of either the function or structure of the behavior
(Bekoff & Allen, 1997; Fagen, 1981; Martin & Caro, 1985). Burghardt (2005) established
specific criteria to determine and distinguish play behavior from other common, more “serious”
behaviors. These parameters state that for a behavior to be considered play, it must (1) have
limited immediate function, (2) be endogenous, (3) have structural or temporal properties that are
different from “serious” behaviors, (4) be flexibly exercised and not stereotypical, and (5) be
performed in a relaxed field (i.e., free of stress or social/physical pressures).
The evolutionary origin of play behavior in animals is a complicated topic involving
development, its connection to cognitive development, and its overall adaptive value (Bekoff,
1972; Bekoff & Allen, 1997; Burghardt, 2005; Fagen, 1981; Pellis & Pellis, 2009). However,
play is hypothesized to improve physical condition and fitness (Bekoff & Byers, 1981; Byers &
Walker 1995; Fontaine, 1994; Martin & Caro, 1985; Smith, 1982), advance cognitive skills
(Fagen, 1981), and facilitate social bonds and relationships between conspecifics (Bekoff, 1977;
1984; Fagen, 1981). Improved social skills and flexible behavioral abilities, including partner
cooperation, communication, learning, and social development, are required for social play
(Baldwin & Baldwin, 1974; Bekoff & Allen, 1997; Brown, 1988; Fagen, 1984; Palagi et al.,
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2007). Social play can function as an opportunity for juveniles to hone adult social skills
(Baldwin & Baldwin, 1974; Brown 1988; Fagen, 1984). It includes behavioral analogues from a
range of social situations including agonism and mating (Burghardt, 2005; Wright et al., 2018).
Without fitness benefits, such as the enhancement of physicality, cognition, and social
relationships, individuals that participate in play would be at a disadvantage to individuals that
do not play (Fagen, 1993; Palagi, 2006, 2018; Symons, 1978).
Social play can include mutual aggressive behaviors, such as wrestling and play biting
but is defined as multiple conspecifics engaging and influencing each other’s actions or
behaviors (Burghardt, 2005; Fagen, 1981). These social behaviors and resulting relationships can
have a lasting impact on the development and success of an individual in the future (Altmann,
1962; Cenni & Fawcett, 2018; Chase et al., 2002; Symons, 1978; Thierry, 2004). Although play
can occur between individuals of varying ages, juveniles participate in social play much more
frequently than adults. Play is expected to occur between individuals of similar skill (Kulik et al.,
2015), age, and conspecifics that will likely be encountered into adulthood (Maestripieri & Ross,
2004). Future social partners, behavioral contexts, social cohesion, affiliations, and strength of
relationships between individuals can be predicted from social play (Bjorklund & Pellegrini,
2002; Clark, 2011; Fagen, 1981; Maestripieri & Ross, 2004; Palagi, 2006; Palagi & Paoli, 2007;
Pellis et al., 2019; Shimada & Sueur, 2014; Smith et al., 2013). For example, Pellis & Pellis
(1996) hypothesized that social play bouts influence the power relationships between subadult
juveniles, especially in male-male bouts. The aggressive behaviors performed during play can
serve as practice for future aggressive interactions and potentially enhance a juvenile’s success
when exhibiting affiliative or agonistic behaviors during adulthood. Juvenile Tibetan macaques
have been observed to play with individuals of a similar age (Mayhew et al., 2020; Wright et al.,
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2018). Although previous studies have considered the effect of age and sex on social play
behavior in Tibetan macaques, this study provides insight on the effect of genetic kinship
between play partners.
Tibetan macaques are a grade two despotic species that live in multi-male, multi-female
groups of up to 50 individuals with the sex ratio being relatively even or slightly favoring
females (Berman et al., 2004; Funkhouser et al., 2018; Mayhew et al., 2020; Thierry, 2000;
Thierry et al., 2000). Tibetan macaque social organization is characterized by strict, linear
dominance styles with strong kin bias and coalition formation (Berman et al., 2004; Funkhouser
et al., 2018). Matrilineal kinship is the foundation for many aspects of Tibetan macaque sociality
and regulates female philopatry, social networks, and power hierarchies. Kin selection has
considerable impact, especially on the females within a despotic macaque group (Hamilton,
1964; Silk, 2002). Female kin remain in their natal groups for their entire lives and spend the
most time resting, grooming, feeding, and handling their infants near maternal kin (Altmann,
1980; Chapais, 1983; Cheney, 1978; Defler, 1978; Gouzoules, 1984; Gouzoules & Gouzoules,
1987; Kapsalis & Berman, 1996; Kurland, 1977; Missakian, 1974; Sade, 1965; Silk, 1982, 1999;
Silk et al., 1981). Additionally, they are more likely to provide coalitionary support to matrilineal
kin during interactions with other conspecifics (Berman, 1983a,b,c; Bernstein & Ehardt, 1985,
1986; Chapais, 1983; Datta, 1983a,b; de Waal, 1977; Kaplan, 1977, 1978; Kurland, 1977;
Massey, 1977; Silk, 1982). Female kin bias across contexts, such as grooming, infant handling,
and coalitionary support, highlights the underlying nepotistic and despotic essence of Tibetan
macaque sociality (Berman et al., 2004; Funkhouser et al., 2018; Thierry, 2000; Thierry et al.,
2000; Xia et al., 2012; Xia et al., 2013).
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Tibetan macaque juveniles participate in fast, rough-and-tumble dyadic and polyadic play
bouts, similar to other macaque species (Wright et al. 2018). A competitive social play style,
common in despotic macaques, involves more risk, as more vulnerable areas such as the face or
genitals are targeted and attacked during the bout. Attacking these sensitive areas can create
miscommunication between conspecifics and end the play bout prematurely (Reinhart et al.,
2010; Scopa & Palagi, 2016; Yanagi & Berman, 2014). Juveniles within this species more
frequently engage in solitary play as infants and transition toward social play with similarly aged
individuals that peaks in frequency at 2.5 years of age (Batts, 2012; Mayhew et al., 2020; Wright
et al., 2018). Most juveniles within the group also participate in social play bouts with variation
in frequency, duration, and play signaling (Wright et al., 2018).
Although the play behavior of multiple macaque species has been studied (Petit et al.,
2008; Reinhart et al., 2010; Scopa & Palagi, 2016; Wang et al., 2021; Wright et al. 2018; Yanagi
& Berman, 2014), the connection between play behavior and genetic kinship has been
overlooked in this species and within this well-studied genus. In the current investigation, we
intend to understand the relationship between play behavior and age, sex, and genetic kinship in
juvenile Tibetan macaques at Mt. Huangshan, China. This study provides insight into the social
development of juvenile Tibetan macaques by considering kin selection, which remains
unexplored. We continue to explore the social development within Tibetan macaques and
provide a foundation for both the continued study of this population, and future studies of other
macaque species by addressing the following three hypotheses: 1) If player age influences social
play behavior, then older individuals will play less frequently than younger individuals; 2) If
player sex influences social play behavior, then same sex dyads will play more frequently and for

18
longer than mixed sex dyads; and 3) If genetic kinship influences social play behavior, then more
closely related individuals will play with each other for longer (total duration).
Methods
We conducted this study with the Yulingkeng A1 (YA1) group at the Valley of the Wild
Monkeys in the Huangshan Scenic District, Anhui Province, China. The YA1 group is
provisioned with corn three to four times a day by park staff and is free ranging across the
provisioning zone, the manufactured platforms and bridges, a stream and waterfall, forests, and
cliffs (Funkhouser et al., 2018). Additionally, YA1 has been habituated to human researchers
since 1986 and tourism since 1994 (Berman et al., 2004; Funkhouser et al., 2018, Li & Kappeler,
2020). We used previously collected social play data spanning July-August 2016 and JulyAugust 2017, collected between 06:30 and 17:30. During the 2016 field season, group YA1 had
47 individuals: 13 adult females and 8 adult males (between the ages of 6 and 31) and 26
juveniles/infants between the ages of 0 and 5. During the 2017 field season, the group had 46
individuals: 15 adult females and 10 adult males (between the ages of 6 and 31) and 21
juveniles/infants between the ages of 0 and 5. This project used previously collected data that
was approved by the Central Washington University Institutional Care and Use Committee
(IACUC) board (protocol: #A031608; #A051602; #M061603; #A051702)
Social play data from 2016 were collected using both focal and scan follows (Altmann,
1974), and any video footage of play bouts was recorded using a Sony Handycam camcorder.
Social play data from 2017 were collected using all-occurrence sampling. For both years, the
data collectors monitored infant and juvenile interactions until social play was initiated, and
video footage (i.e., Sony Handycam) of the play bout was recorded. The play bout was followed
until both individuals ceased to participate in playful behavior for more than 10 seconds. We
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then coded play videos using VLC media player (version 3.0.3, Vetinari) and Microsoft Excel
(version 16.14) for player identity, age, sex, matriline, duration of play bout, and total number of
players involved (see Mayhew et al. 2020 for methods). We recorded the ages of individuals in
days at the beginning of data collection each year, and play duration was recorded in seconds (s).
We reviewed all social play interactions and converted polyadic play bouts into dyadic
interactions to determine the duration of play between all dyads. This resulted in 3,305 play
bouts with 159 distinct dyads. We calculated play duration for each dyad by totaling the seconds
(s) of play from the 2016 and 2017 datasets. We used pedigree information for this study group
(Li & Kappeler, 2020) to determine genetic kinship between juveniles using kinship coefficients
(Wright, 1922), which represent the probability that a random allele from individual A is
identical by descent (IBD) with a random allele from individual B at the same locus. We
conducted statistical analyses using Jamovi (1.6.15) and R (4.0.0). We ran the pedtools and ribd
packages (Vigeland, 2020) in R allowing for cases of founder inbreeding, generalized kinship
coefficients, IBD coefficients, and standard kinship coefficients. Because of the lack of genomic
data on these monkeys, only standard kinship coefficients were calculated using accessible
pedigree information (mother, father, grandmother, etc.). The scale used for kinship coefficients
ranged from 0-1, with a kinship coefficient of 0 indicating no genetic relationship between dyad
members and a value of 1 indicating an identical twin.
We assessed both datasets for normality. Due to the non-normal distribution of the data,
we applied non-parametric tests, including Spearman rank correlation, Mann-Whitney U and
Kruskal-Wallis tests, and chi-squared goodness of fit test. We conducted Spearman rank
correlations to address whether player age affected social play duration. We used chi-square
goodness of fit and Mann-Whitney U tests to determine the effect of player and partner sex on
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play duration. We also addressed matrilineal variation using a Kruskal-Wallis test. Lastly, we
used a Spearman rank test to analyze the relationship between genetic kinship and both the total
and individual bout play durations.
Results
Overall, we analyzed 3,305 social play bouts (60,190 s) across the two field seasons
(mean ± SD = 18.21 ± 20.72 s; max = 227 s) (See Figure 1). Play duration was summed for each
of the 159 distinct player dyads (mean dyadic duration = 378.55 ± 554.97 s; max = 4,155 s),
which were then categorized based on sex (MM, FF, and FM). In total, there were 29 distinct
MM dyads (mean = 582.83 ± 644.66 s), 58 distinct FF dyads (mean = 267.19 ± 412.68 s), and 72
distinct FM dyads (mean = 385.97 ± 597.94 s). Total bout frequencies (the number of play bouts
participated in) and durations (total number of seconds played) were then summed for each
individual player. Across both field seasons, TQS (M), THN (M), and YXYue (F) participated
most frequently overall playing in 1,172, 842, and 741 bouts, respectively. TQS (M), YXYue
(F), and THN (M) were also the three individuals that played the longest overall (17,713, 11,534,
and 11,757s, respectively) (see Table 1).
We then separated the data by field season and analyzed each year independently to
examine the dynamics of play within the group. In 2016, juveniles engaged in 38,133 s of play
across 1,443 play bouts (mean = 26.43 ± 22.51 s; max = 153 s). In 2017, the juveniles engaged in
22,057 s of play across 1,862 bouts (mean = 11.85 ± 16.63 s). Total individual durations per
monkey were also determined. In 2016, YXC (M), TQS (M), TFH (F), THN (M), and YXYue
(F) played the most (7,926, 7,502, 7,419, 5,214, and 5,987 s, respectively). However, in 2017,
TQS (M), THN (M), and YXYue (F) were the most playful (10,211, 6,320, and 5,770 s,
respectively) (See Table 1). Individual frequency of play was also calculated per year. In 2016,
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TQS (M) (n = 356 bouts), YXYue (F) (n = 246 bouts), and YXC (M) (n = 243 bouts)
participated in the most play bouts. In 2017, TQS (M) (n = 816 bouts), THN (M) (n = 634 bouts),
and YXYue (F) (n = 495 bouts) participated in the most play bouts.
Figure 1
Kinship Coefficient vs Individual Play Bout Durations (n = 3,305)

The age of each juvenile was calculated in days (d) based on the first day of data
collection each season (7/14/16 and 7/7/17). The mean age in 2016 was younger than in 2017
(764 and 1012 d, respectively). There was a significant negative relationship between player age
and total play duration in 2016 (r = - 0.416, p < 0.05); however, there was no significant
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relationship between player age and duration in 2017 (r = -0.135, p > 0.05) (See Appendix A).
Additionally, there was no significant relationship between player age and play bout frequency
for either year (2016: r = -0.229, p > 0.05; 2017: r = -0.053, p > 0.05).
Table 1
Total Individual Social Play Durations
Individual
HXW (F)
HXYue (F)
HXYun (F)
HY (M)
TFH (F)
THL (F)
THN (M)
THX (F)
TQG (F)
TQL (F)
TQS (M)
TQY (F)
TRX (F)
TRY2 (M)
TXH_I (F)
TXL (M)
YCH (F)
YCLong (M)
YH_I (M)
YRLan (F)
YXC (M)
YXDuo (F)
YXK (M)
YXMing (M)
YXYue (F)
YXYun (F)

2016 Total Duration (s) 2017 Total Duration (s) Total Duration (s)
1946
6226
N/A
4305
7419
2497
5214
N/A
N/A
1470
7502
7096
693
4112
1733
2447
2055
288
2516
506
7926
N/A
4328
N/A
5987
N/A

385
1213
948
586
1165
3869
6320
154
180
1684
10211
1418
1820
1532
N/A
188
36
790
N/A
4
N/A
1220
1670
1660
5770
1291

2331
7439
948
4891
8584
6366
11534
154
180
3154
17713
8154
2513
5644
1733
2635
2091
1078
2516
510
7926
1220
5998
1660
11757
1291
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Play duration and frequency were also analyzed by sex for 2016 and 2017. In 2016, the
mean total play duration was 4,293.11 ± 2,423.43 s for males and 3,420.73 ± 2,672.68 s for
females. The mean duration was lower for both males and females in 2017 (males = 2,869.63 ±
3,529.94 s; females = 1,410.47 ± 1,550.76 s). There was no significant difference between total
play durations per individual of male and female players (H = 2.025, df =1, p > 0.05). Dyad
compositions differed significantly from the expected values (χ 2(2) = 228, p < 0.001) with mixed
sex (FM) play bouts occurring most frequently (n = 1,484, 45%) followed by MM (n = 1,037,
31%) and then FF play (n = 784, 24%).
Play frequency per matriline varied greatly, with members of the Tou matriline (n =
3,952, 63%) participating in the most play bouts followed by the Ye (n = 1,791, 28%) and Hua
matrilines (n = 561, 9%), and this was significantly different from the expected values (χ 2(2) =
2805, p < 0.001). Of all the matrilines, Tou had the longest mean play duration (506.27 ± 660.9
s) and the largest number of distinct dyads (n = 37). In the Hua matriline, 3 distinct dyads
emerged, and players played a mean of 354.33 ± 443.57 s. Individuals in the Ye matriline played
a mean of 329.82 ± 261.2 s in 11 distinct dyad configurations (See Appendix A). However, these
matriline differences in total play durations were not statistically significant (Kruskal-Wallis: H
= 0.26, df = 2, p > 0.05).
The average kinship coefficient for players was 0.048 (min = 0; max = 0.25). A
Spearman rank test indicated no relationship between kinship coefficient and individual bout
duration (r < 0.001, p > 0.05); however, there was a significant positive correlation between the
total bout duration and kinship coefficient (r = 0.137, p < 0.05) (See Figure 2).
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Discussion
The play behavior of the YA1 juvenile macaques at Mt. Huangshan was previously
examined, but the role of genetic kinship was not well documented. This study further
Figure 2
Positive Correlation
= 0.137) between
and Total
Durations
Kinship(r Coefficient
vsKinship
TotalCoefficient
Dyad Play
Duration
(s)

characterizes juvenile play, while building upon previous research at the same site (Mayhew et
al., 2020; Wang et al., 2021; Wright et al., 2018). Although the correlation between genetic
kinship and an individual play bout duration was not significant, genetic kinship did influence
total play duration per dyad, emphasizing the importance of playing with specific individuals
during this period of development. This finding supports our hypothesis that overall, play
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duration between individuals is positively correlated with increased genetic kinship. The overall
kinship between juveniles included both maternal and paternal relatives. Of the 26 juveniles
considered in this study, 17 have known paternity. Paternity data showed high genetic kinship
across matrilines for both male and female juveniles. The high degree of kinship between
juveniles across matrilines supports the conclusion that playing with maternal and paternal kin is
potentially a mechanism that enables juveniles within this group to navigate development
effectively. In despotic macaque species, such as the grade two Tibetan macaque, kin selection
plays a significant role in adult social associations and relationships (Cords, 1997; de Waal,
1991; Hemelrijk, 1994; Perry, 1996; Seyfarth, 1977; Silk, 1992 a,b). This study suggests that
kin-biased selection begins in the early stages of life during social play events. Kin-biased play,
especially in females, supports previous evidence that future social partners and relationships can
be predicted from social play during juvenilehood (Pellis et al., 2019). Within this group, males
likely also benefit from a kin-biased play system. Across 2016-2017, multiple natal males
(YeRongBing, TouGui, and HuaXiaMing) occupied top-ranking positions among the male
dominance hierarchy. Although expected to disperse at maturity (Thierry, 2000; Thierry et al.,
2000), these males may have remained in their group due to altruistic and kin-biased
relationships established during their own early development. This reasoning also suggests that
highly playful males (particularly, TQS and THN) with many play partners could potentially
delay dispersal as other natal males have done in the past (Mayhew et al., 2020).
Although we found no significant difference between the individual male and female play
totals, we found that among the 159 distinct player configurations, MM dyads played for more
than double the total time of FF dyads and over 1.5 the total time of FM dyads (MM mean =
582.83 s; FF mean = 267.19 s; FM mean = 385.97 s). These findings support previous research
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about how play helps establish social dynamics between males who will likely be encountered in
the future (Pellis & Pellis, 1996; Maestripieri & Ross, 2004). One function of increased duration
of play between males is that it allows them to determine other individuals’ strengths and
abilities, as well as improve their individual physical abilities (Pellis & Pellis, 1996). We also
expected that play should occur more often between dyads of the same sex; however, this
prediction was not supported as the FM dyad configuration (n = 1484) accounted for nearly 45%
of all play bouts observed. This result can be due to the female-biased sex ratio between
juveniles within this group (2016 = 11:9; 2017 = 15:8).
We analyzed matrilineal play duration and found no significant difference between the
total play duration of each matriline. However, an uneven and variable number of matriline
members was likely influential—the Hua matriline contained three juveniles, the Ye matriline
contained 9 juveniles, and the Tou matriline contained 12 juveniles. Overall, matriline size likely
has some influence on early play behavior as we observed 37 distinct play dyads among Tou
juveniles but only 11 dyads within Ye and 3 dyads within Hua.
We also found a large difference in mean play duration per year, resulting in an overall
mean of 18.21 s across both years. When considering other variables, such as mean age and
demographics across years, the vast difference in play duration is unsurprising. The mean age of
the players observed increased from 764 d in 2016 to 1012 d in 2017 (a difference of 248 days or
~ 8 months). The sex ratio of the group also drastically changed between years, resulting in an
almost 2:1 ratio of females to males in 2017. Both age and sex impacted play duration as
supported by the significant negative correlation between age and play duration in 2016 and
relationship of age and play duration in 2017.
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Similar to previous research at this site (Mayhew et al. 2020; Wang et al., 2021), we
found a significant negative correlation between increasing age and play duration in the 2016
dataset. Although this relationship was not significant in 2017, the relationship trended in this
negative direction, which supports existing literature, suggesting that play decreases and
eventually ceases in adult despotic species. Less time is spent playing later in the life course due
to the entrance into adult social dynamics and the readjustment of activity budgets. By 2.5 years
old, juveniles have likely used play to establish social relationships with both kin and non-kin
alike. As juveniles continue to age, they begin to engage in and prioritize other types of
affiliation, using other social strategies to establish and maintain a variety of social relationships
as they enter the adult social hierarchies.
Even with a significant relationship between total play duration and genetic kinship, we
found the trio of TQS, THN, and YXYue participated in the longest play duration across these
two years. Surprisingly, these individuals have low kinship coefficients, namely, because
YXYue is the first offspring of YH and an immigrant male (BT), and the father of THN is
unknown. With more complete pedigree information on the father of THN, there is a possibility
that his genetic kinship with TQS or YXYue increases. Additionally, the death of YXC likely
also impacted the data between 2016 and 2017, as he played the most total time in 2016 but was
not present in 2017. YXC had a high kinship coefficient with individuals like TFH and TQY
(~0.14) due to shared paternity. In 2016, both TFH and TQY played more than 7,000 s, but in
2017, both individuals played less than 1,500 s. The death of a paternal half-sibling and member
of the same birth cohort likely contributed to the lower overall play observed during 2017.
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Future Considerations
This study emphasizes the need for more complete data collection within all age and sex
categories of primate groups. Creating and recording complete pedigrees, supported by genetic
information, is necessary to truly understand the impact of kin selection during play and
development. Additional paternity data could enhance future studies by providing more evidence
of paternal kin influence on juvenile behavior. Furthermore, when considering play, factors such
as player choice and individual personality or playfulness should be considered. Long-term
studies should also be conducted across the entire juvenile period of life. These long-term studies
will allow for activity budgets of juveniles to be considered across many different ages. This will
help determine where time and energy are spent resulting in play duration decrease and eventual
discontinuation. Additionally, tools such as social network analysis can be used to determine the
strength of relationships between juveniles (see Mayhew et al., 2020) and to examine how
individual positions within the social network change over time. For example, the death of YXC
could have impacted the social network of multiple individuals, thus resulting in less play overall
following his death. If YXC was a key central individual to the social play network, the resulting
loss of connectivity between other individuals may have been widespread. Similarly, certain
central juveniles may act as scaffolding for new juveniles to be introduced to the social play
network. These social bridges may provide critical introductions for less experienced juveniles
into the juvenile social network. Continued attention on the developmental stages of primate
social life can help us better capture a holistic view of primate sociality.
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CHAPTER III
GENERAL CONCLUSIONS
The aim of the study presented in Chapter II was to better understand the relationship
between play duration and frequency and player age, sex, and genetic kinship between players.
Using multiple analyses including Spearman rank tests, I found a significant negative correlation
between player age and total play duration in 2016. Although there was not a significant
correlation between play frequency and age for each year and play duration and age in 2017, the
data trended negatively which supports previous studies at this site. I expected that same sex
dyadic pairs would play longer and more often with one another. Male-male dyads played with
each other for over 2x the total time of female-female dyads and over 1.5x the total time of
female-male dyads. However, I found that female-male dyads played together for more total time
than female-female dyads. Another unexpected result was female-male dyads playing the most
frequently (45%) over the two-year study. I found a positive significant correlation between
genetic kinship and total play duration, supporting our hypothesis. This finding suggests that kin
selection plays a significant role in player partner choice and helps facilitate juvenile social
relationships. Kin-biased play supports previous evidence that future social partners and social
relationships can be influenced and predicted by social play. Within this group, males also
potentially benefit from preferentially playing more with kin. Multiple natal males occupied the
top-ranking positions in the dominance hierarchy during the study period. The altruistic, kinbiased relationships that begin and are reinforced during play events would suggest highly
playful males could potentially delay dispersal as other natal males have done previously. Longterm studies should be conducted across the entirety of the juvenile development. This would
allow for researchers to determine the differences in activity budgets, play network position, and
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play partners across years. This data could then be utilized to help create a better understanding
of the sociality and behavior of adult individuals within this group and across species.
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APPENDIX A
CHAPTER II SUPPLEMENTAL TABLES AND FIGURE
Table A1
Matrilineal Player Dyads (Tou = 37; Ye = 11; Hua = 3)
Tou Matriline Player Configurations
TFH - THL
TFH - THN
TFH - TQL
TFH - TQS
TFH - TQY
TFH - TRX
TFH - TXH_I
THL - THN
THL - TQG
THL - TQL
THL - TQS
THL - TQY
THL - TRX
THL - TXH_I
THN - THX
THN - TQL
THN - TQS
THN - TQY
THN - TRX
THN - TRY2
THN - TXL
THX - THL
THX - TQS
THX - TRX
TQL - TQS
TQL - TQY
TQL - TRX
TQS - TQY
TQS - TRX
TQS - TRY2
TQS - TXH_I
TQS - TXL
TQY - TRX
TQY - TXH_I
TRX - TRY2
TRY2 - TQL
TRY2 - TXL

Ye Matriline Player Configurations
YH_I - YXC
YH_I - YXYue
YXC - YXYue
YXDuo - YXYun
YXK - YCLong
YXK - YRLan
YXK - YXYue
YXMing - YXDuo
YXMing - YXYun
YXYue - YXMing
YXYue - YXYun

Hua Matriline Player Configurations
HXW - HXYue
HXYue - HXYun
HXYun - HXW
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Table A2
Kinship Coefficients between Player Dyads
HXW
HXW
0.5
HXYue
0.125
HXYun
0.125
HY
0
TFH
0.07813
THL
0.03125
THN
0.03125
THX
0.03125
TQG
0.07031
TQL
0.13281
TQS
0.13281
TQY
0.00781
TRX
0.0625
TRY2
0.0625
TXH_I
0.00781
TXL
0.14063
YCH
0
YCLong
0
YH_I
0
YRLan
0.125
YXC
0
YXDuo
0
YXK
0.125
YXMing 0.0625
YXYue
0
YXYun
0
HXW

HXYue
0.125
0.5
0.125
0
0.125
0
0
0
0.0625
0
0
0.125
0
0
0
0
0
0.03125
0.01563
0.0625
0.14063
0.01563
0.01563
0.01563
0.01563
0.01563
HXYue

HXYun HY TFH
0.125
0
0.07813
0.125
0
0.125
0.5
0
0
0
0.5
0
0
0
0.5
0
0
0.03125
0
0
0.07813
0
0
0.07813
0.0625
0
0.00781
0
0
0.08594
0
0
0.08594
0
0
0.13281
0
0
0.0625
0
0
0.0625
0
0
0.00781
0
0
0.09375
0
0
0
0
0
0.03125
0
0
0.01563
0
0
0.14063
0
0
0.14063
0
0
0.01563
0
0
0.09375
0
0
0.05469
0
0
0.01563
0
0
0.01563
HXYun HY TFH

THL
0.03125
0
0
0
0.03125
0.5
0.03125
0.09375
0.03906
0.07031
0.03906
0.03906
0.0625
0.0625
0.00781
0.04688
0
0.0625
0
0.03125
0
0
0.03125
0.01563
0
0
THL

THN
0.03125
0
0
0
0.07813
0.03125
0.5
0.125
0.00781
0.03906
0.03906
0.00781
0.0625
0.0625
0.00781
0.04688
0
0
0
0.03125
0
0
0.03125
0.01563
0
0
THN

THX
0.03125
0
0
0
0.07813
0.09375
0.125
0.5
0.07031
0.10156
0.03906
0.07031
0.0625
0.0625
0.00781
0.04688
0
0.125
0
0.03125
0
0
0.03125
0.01563
0
0
THX

TQG
0.07031
0.0625
0.0625
0
0.00781
0.03906
0.00781
0.07031
0.5
0.07031
0.13281
0.0625
0.07813
0.07813
0.125
0.07031
0
0.0625
0
0.00781
0.03125
0.03125
0.00781
0.00391
0
0
TQG
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Table A2 (Continued)
TQL
HXW
0.13281
HXYue
0
HXYun
0
HY
0
TFH
0.08594
THL
0.07031
THN
0.03906
THX
0.10156
TQG
0.07031
TQL
0.51563
TQS
0.17188
TQY
0.13281
TRX
0.07813
TRY2
0.07813
TXH_I
0.03906
TXL
0.21094
YCH
0
YCLong 0.0625
YH_I
0
YRLan
0.13281
YXC
0
YXDuo
0
YXK
0.13281
YXMing 0.06641
YXYue
0
YXYun
0
TQL

TQS
0.13281
0
0
0
0.08594
0.03906
0.03906
0.03906
0.13281
0.17188
0.51563
0.03906
0.14063
0.14063
0.13281
0.21094
0
0
0
0.13281
0.03125
0.03125
0.13281
0.06641
0
0
TQS

TQY
0.00781
0.125
0
0
0.13281
0.03906
0.00781
0.07031
0.0625
0.13281
0.03906
0.5
0.01563
0.01563
0.03125
0.07031
0
0.09375
0.01563
0.07031
0.14063
0.01563
0.02344
0.01953
0.01563
0.01563
TQY

TRX
0.0625
0
0
0
0.0625
0.0625
0.0625
0.0625
0.07813
0.07813
0.14063
0.01563
0.5
0.25
0.07813
0.09375
0
0
0
0.0625
0.0625
0.0625
0.0625
0.03125
0
0
TRX

TRY2
0.0625
0
0
0
0.0625
0.0625
0.0625
0.0625
0.07813
0.07813
0.14063
0.01563
0.25
0.5
0.07813
0.09375
0
0
0
0.0625
0.0625
0.0625
0.0625
0.03125
0
0
TRY2

TXH_I
0.00781
0
0
0
0.00781
0.00781
0.00781
0.00781
0.125
0.03906
0.13281
0.03125
0.07813
0.07813
0.5
0.07031
0
0
0
0.00781
0.03125
0.03125
0.00781
0.00391
0
0
TXH_I

TXL
YCH
0.14063
0
0
0
0
0
0
0
0.09375
0
0.04688
0
0.04688
0
0.04688
0
0.07031
0
0.21094
0
0.21094
0
0.07031
0
0.09375
0
0.09375
0
0.07031
0
0.53125
0
0
0.5
0
0
0
0
0.14063
0
0
0
0
0
0.14063
0
0.07031
0
0
0
0
0
TXL
YCH

YCLong
0
0.03125
0
0
0.03125
0.0625
0
0.125
0.0625
0.0625
0
0.09375
0
0
0
0
0
0.5
0.0625
0.0625
0.09375
0.0625
0.0625
0.0625
0.0625
0.0625
YCLong
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Table A2 (Continued)
YH_I
HXW
0
HXYue
0.01563
HXYun
0
HY
0
TFH
0.01563
THL
0
THN
0
THX
0
TQG
0
TQL
0
TQS
0
TQY
0.01563
TRX
0
TRY2
0
TXH_I
0
TXL
0
YCH
0
YCLong 0.0625
YH_I
0.5
YRLan
0.03125
YXC
0.04688
YXDuo
0.03125
YXK
0.125
YXMing 0.03125
YXYue
0.125
YXYun
0.125
YH_I

YRLan
0.125
0.0625
0
0
0.14063
0.03125
0.03125
0.03125
0.00781
0.13281
0.13281
0.07031
0.0625
0.0625
0.00781
0.14063
0
0.0625
0.03125
0.5
0.09375
0.03125
0.15625
0.09375
0.03125
0.03125
YRLan

YXC
0
0.14063
0
0
0.14063
0
0
0
0.03125
0
0.03125
0.14063
0.0625
0.0625
0.03125
0
0
0.09375
0.04688
0.09375
0.53125
0.14063
0.04688
0.04688
0.04688
0.04688
YXC

YXDuo
0
0.01563
0
0
0.01563
0
0
0
0.03125
0
0.03125
0.01563
0.0625
0.0625
0.03125
0
0
0.0625
0.03125
0.03125
0.14063
0.5
0.03125
0.03125
0.03125
0.03125
YXDuo

YXK
0.125
0.01563
0
0
0.09375
0.03125
0.03125
0.03125
0.00781
0.13281
0.13281
0.02344
0.0625
0.0625
0.00781
0.14063
0
0.0625
0.125
0.15625
0.04688
0.03125
0.5
0.09375
0.125
0.125
YXK

YXMing YXYue
0.0625
0
0.01563 0.01563
0
0
0
0
0.05469 0.01563
0.01563
0
0.01563
0
0.01563
0
0.00391
0
0.06641
0
0.06641
0
0.01953 0.01563
0.03125
0
0.03125
0
0.00391
0
0.07031
0
0
0
0.0625
0.0625
0.03125
0.125
0.09375 0.03125
0.04688 0.04688
0.03125 0.03125
0.09375
0.125
0.5
0.03125
0.03125
0.5
0.03125
0.125
YXMing YXYue

YXYun
0
0.01563
0
0
0.01563
0
0
0
0
0
0
0.01563
0
0
0
0
0
0.0625
0.125
0.03125
0.04688
0.03125
0.125
0.03125
0.125
0.5
YXYun
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Figure A1
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Figure A2
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Figure A3
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